INTRODUCTION
============

Allergic rhinitis (AR) is a common disease in the world, especially in Western developed countries and Asian developed and developing countries. As a multifactorial disease, AR has been investigated around the world to find both genetic and environmental risk factors.[@B1],[@B2] Many well-organized population-based studies have been conducted and identified several risk factors.

Atopic heredity is a well-known genetically predisposed risk factor.[@B3] Atopic heredity has further been investigated in HLA systems, polymorphism of inflammatory cytokines and single nucleotide polymorphism in eosinophil peroxidase gene.[@B4],[@B5],[@B6],[@B7] However, the environmental risk factors could be controlled to prevent the development of the disease, even with a genetic predisposition.

As a preventive modality of AR, the environmental factors have been extensively studied, but remained up for debate. Socioeconomic status (SES) has been investigated as an environmental risk factor; some studies have demonstrated a high SES as a risk factor while others showed a low SES.[@B8],[@B9],[@B10] Environmental exposure to animal dander is considered to be another risk factor because of the increased frequency of sensitization and challenging.[@B11] Indoor cat ownership was also reported as a risk factor for sensitization to cat dander.[@B12] However, others showed that early exposure to the animal dander during the first year was associated with a lower prevalence of AR.[@B13] More recently, it has been pointed out that the first months of life are a crucial period of inhalant allergens, particularly weed allergens.[@B14] Diet has also been considered a risk factor for atopic diseases; fruits and vegetables provide antioxidant properties against inflammation[@B15],[@B16] and oily fish is a protective factor by reducing pro-inflammatory cytokines.[@B17] However, poly-saturated fatty acid has been considered an accelerating factor by increasing cytokines.[@B18] All of these reports are based on Western countries, which are quite different than Asian countries in terms of cultures and environments. This study aimed to investigate the risk factors in the Korean pediatric population.

MATERIALS AND METHODS
=====================

Study design
------------

The Allergic Rhinitis Cohort Study for Kids (ARCO-kids) phase I is a prospective, hospital-based study for Korean AR children from 14 medical centers since 2009. The presenting preliminary data is from ARCO-kids phase II in a community which is composed of bi-seasonal, winter and summer, check-up of AR in Korean elementary schools. The ARCO-kids phase II had started at 2012 winter as a population-based study. This preliminary report was based on the data of 2 elementary schools on December 2012 and July 2013; the schools are located in an urbanized city, Yongin, near Seoul. This study included elementary school students who and whose parents provided written informed consents. However, participants, who incompletely answered questionnaire for rhinitis symptoms, refused allergy test, or showed allergic response in negative control in allergy test, were excluded.

For the consenting participants, their parents completed self-report questionnaires. After collecting the questionnaires, endoscopic examinations of ear, nose, and throat and allergy tests were performed for all participants on 2 days at each school. The detailed protocol of this study was approved by the Institutional Review Board of Seoul National University Hospital.

Survey questionnaires
---------------------

The parent-reported questionnaires covered medical and social histories of participants and their parents, infant and early-childhood history, and lifestyles. Medical history included previously diagnosed diseases and nasal and ocular symptoms related to AR during the previous 12 months. The diagnosed diseases included atopic dermatitis, allergic conjunctivitis, food allergy, drug allergy, asthma, sinusitis, otitis media, pneumonia, and attention deficit hyperactivity disorder. The nasal and ocular symptoms included visual analog scales of nasal congestions, sneezing, watery or clear rhinorrhea, nasal itching, and eye discomforts including eye itching, red eye, and tearing with their duration and severity. The social history included parental smoking and drinking history during lifetime and pregnancy as well as participants\' indirect smoking. The infant and early childhood history included birth weight and height, types of delivery, periods of breast and/or bottle feeding, the date starting fresh milk and weaning food, period of daycare center attendance, and scheduled vaccination. Lifestyles were evaluated based on time spent in sleep, at school, at play (indoor or outdoor activities of game or sport for fun) and in special after-school institutions for learning, sports, and arts as well as the frequency of visiting indoor and outdoor places such as gyms, swimming pools, libraries, and shopping malls.

Endoscopic examination
----------------------

A single ENT specialist (D.H.H.), who was blinded to participant\'s medical history, examined participants\' ear, nose and throat using 2.7 mm 0 degree rigid endoscopes (Stryker, Kalamazoo, MI, USA), with a portable light source (UMT-511; Matrix Surgical Co., Clayton, Australia). The examination checked for otologic diseases, such as middle ear effusion, acute and chronic otitis media, nasal cavity characteristics (e.g., pale mucosa, mucosal swelling, and watery discharge), and tonsil sizes.

Allergy test
------------

Skin prick tests (SPTs) were performed on the medial sides of both of participants\' forearms using thirteen common standardized allergen extracts (SPT; Allergo-Pharma, Reinbek, Germany): Dermatophagoides pteronyssinus (*Dp*), Dermatophagoides farinae (*Df*), animal danders (including cat, dog; cockroach), tree pollen mixture 1 (alder, elm, hazel, popular, and willow trees), tree pollen mixture 2 (beech, birch, oak, and plane trees), grass mixture, mugwort, ragweed, oak, and molds (*Alternaria alternata*, and *Aspergillus fumigates*). Histamine (1% of histamine phosphate) and 0.9% saline were used as positive and negative control respectively. Stopping antihistamine and herbal medication are recommended three days before the SPT. Skin sensitization was defined as an average wheal diameter of any allergen greater than or equal to 3 mm.

Grouping
--------

Based on symptoms of AR from the preceding 12 months and SPT results, 4 groups (AR, non-allergic rhinitis \[NAR\], asymptomatic sensitization and healthy participants) were defined. A participant was diagnosed with AR if he or she had a positive SPT results and at least one of the 4 nasal symptoms, nasal congestion, sneezing, watery rhinorrhea, and nasal itching, which is not related to common cold or flu and occurs during two or more consecutive days for more than 1 hour on most days.[@B1] A participant was diagnosed with NAR if he or she had at least one symptom without sensitization to allergens. The asymptomatic sensitization group included participants with positive SPT without any symptoms. The healthy participants group included participants without symptoms or sensitization to allergens.

Statistical analysis
--------------------

Each factor from the questionnaire was evaluated with Chi-square or Fisher\'s exact test for categorical variables and Student *t* test for continuous variables. In addition, relationships were analyzed using multivariate logistic regression (Backward selection, SLS=0.1) adjusted for significant variables in the univairate analysis. SAS software package (version 9.1; SAS Institute, Inc., Cary, NC, USA) was used for the statistical analysis. Statistical significance was set at *P*\<0.05.

RESULTS
=======

Characteristics of study population
-----------------------------------

Total 1,020 children included in this study with informed consents. After excluding 26 participants with incomplete questionnaire, 25 with refusal of the SPT, and 5 with saline positivity in the SPT, 964 children were finally enrolled in this study; 542 in the winter season and the other 422 in the summer season. The participants consisted of 453 males and 511 females, ranging in age from 6 to 12 years. There was no seasonal difference in positive rate of SPT; 53.8% and 50.5% positive rates in winter and summer (*P*=0.316). House dust mites (HDMs) are most popular positive allergen in SPT without seasonal difference; 51.0% and 46.6% in winter and summer (*P*=0.168). Among the participants with rhinitis symptoms, the duration and severity of the rhinitis symptoms over recent 12 months had no seasonal differences; 74.2% intermittent and 25.8% persistent symptoms in winter and 74.9% intermittent and 25.1% persistent symptoms in summer (*P*=0.865); 58.0% mild and 42.0% moderate to severe symptoms in winter and 53.3% mild and 46.7% moderate to severe symptoms in summer (*P*=0.283). The overall prevalence of AR was 35.1%; 36.9% in the winter season and 32.7% in the summer season without seasonal variations (*P*=0.175). Gender showed a significant difference in the prevalence: 40.4% in males and 30.3% in females (*P*=0.001). Children with older age (from 9 to 12 years) in elementary school had more prevalent to AR than one with younger age (from 6 to 8): 36.2% in the older and 33.1% in the younger. Among the AR participants, the highest rate of skin sensitization was found in HDMs pricks without seasonal difference; 95.5% and 93.5% in winter and summer (*P*=0.416). Animal dander showed marginal significance in seasonal difference of the skin sensitization; 12.5% and 20.3% in winter and summer (*P*=0.053). Interestingly, grass pollen showed statistically significant seasonal difference of the skin sensitization; 11.0% and 25.4% in winter and summer (*P*=0.001). Tree pollen, weed pollen, and fungus did not show seasonal difference; 22.5% and 23.9% for the tree pollen, 10.0% and 7.2% for the weed pollen, and 7.5% and 8.7% in fungus. Among the AR patients, symptoms duration did not show seasonal difference; 69.7% intermittent and 30.3% persistent symptoms in winter and 71.4% and 28.6% in summer (*P*=0.735). There were 338 participants (35.1%) were included in the AR group, 212 (22.0%) in the NAR group, 166 (17.2%) in the asymptomatic sensitization group, and 248 (25.7%) in the healthy participants group ([Fig. 1](#F1){ref-type="fig"}).

Risk factors
------------

With more than three hundreds factors, the risk factors of AR were evaluated by comparing the AR group with the healthy participants group. Using the univariate analysis, 13 risk factors were identified with significant correlations (*P*\<0.05): male gender, older age in elementary school, previous histories of atopic dermatitis, allergic conjunctivitis, food allergy, asthma, and otitis media, the first child in the family, decreased daily playing time, frequent visits to an indoor gyms, indoor playgrounds, and shopping malls, and paternal or maternal allergic rhinitis ([Table 1](#T1){ref-type="table"}). There were 3 additional risk factors with a marginal significance (*P*\<0.10); previous history of pneumonia and paternal and maternal drinking histories ([Table 1](#T1){ref-type="table"}).

The multivariate analysis was performed with the above 16 risk factors. It produced 4 risk factors that were statistically significantly correlated with AR (*P*\<0.05); male gender, older age, previous history of allergic conjunctivitis and pneumonia ([Table 2](#T2){ref-type="table"}). There were also 2 additional risk factors with a marginal significance (*P*\<0.10); previous history of asthma and decreased daily playing time ([Table 2](#T2){ref-type="table"}).

Among total 129 participants reported previous pneumonia history, there was 36 participants in the AR group and 41 in the healthy participants group; average onset age 3.5 years old in the AR and 3.2 years old in the healthy participants (*P*=0.590). Only one participant in the AR group had a pneumonia during infancy while 2 in the healthy participants.

Frequency of the risk factors in 4 groups
-----------------------------------------

The six risk factors from the multivariate analysis were evaluated in the 4 groups. Except for the older age and pneumonia history, the other 4 factors were more highly related to the AR group than the NAR and asymptomatic sensitization groups ([Fig. 2](#F2){ref-type="fig"}). The male gender and previous history of allergic conjunctivitis and asthma were most common 54.1%, 29.0%, and 11.6% in the AR group followed by the NAR and asymptomatic sensitization groups ([Fig. 2A, B, and C](#F2){ref-type="fig"}). The daily playing time was the lowest 2.56 hours in the AR group followed by the asymptomatic sensitization and NAR groups ([Fig. 2D](#F2){ref-type="fig"}). The older age in the elementary school took largest proportion in the asymptomatic sensitization group followed by the AR group ([Fig. 2E](#F2){ref-type="fig"}). Previous history of pneumonia was highest 17.1% in the healthy participants group; the other groups had similar lower pneumonia histories ([Fig. 2F](#F2){ref-type="fig"}).

Findings in physical and endoscopic examinations
------------------------------------------------

The results of the physical and endoscopic examinations were investigated to find differences between the AR and the healthy participants groups ([Table 3](#T3){ref-type="table"}). The age-adjusted percentile of body mass index showed no difference (*P*=0.942). Overweight and obese participants did not have a greater risk of AR than others.

The endoscopic examinations indicated that pale mucosa, mucosal swelling, and/or watery discharge were highly related to AR (*P*\<0.001) while purulent or mucoid discharge, posterior nasal drip, and tonsillar hypertrophy were not (*P*=0.484, *P*=0.961, *P*=0.658, and *P*=0.504). A multivariate analysis was conducted for the pale mucosa and watery discharge with gender and age adjustment; there was no participant in the healthy participants group with mucosal swelling. It showed that both pale mucosa and watery discharge had a marked OR 4.472 (95% CI, 2.295-8.713) with *P*\<0.001 and 2.766 (1.322-5.784) with *P*=0.007.

DISCUSSION
==========

Following the results of other studies, our study confirmed that the male gender and parental history of AR are risk factors of AR.[@B19],[@B20] Male predominance would be resolved with growing age until eventually there is no gender predominance of AR in the adult population.[@B19] However, our study did not show the increase of female AR in more advanced ages because of participants\' age range (elementary school students are limited to younger than 13 years old). Parental AR is a well-known genetic risk factor. The association between atopic family history and sensitization was shown to be strong with OR, from 1.8 to 3.0.[@B20] Our study indicated that children with a parental AR had higher prevalence in AR group.

Other studies had already noticed increasing prevalence of pediatric AR with aging and some of them reported second decade of life as peak age of prevalence.[@B21] The similar result was replicated in our study; the older age, from 9 to 12 years, in elementary school was pointed out as a risk factor of AR in the elementary school. It might be caused by the increased chance of exposure to allergens from the environment as moving up to senior grades in elementary school.

Our study showed the considerably higher sensitization rates to HDMs in Korean children with AR.22 The frequent sensitization and challenging of the HDM allergen would take place in the indoor gyms, indoor playgrounds and shopping malls, where the concentration of HDM would increase more than the outdoors. That explains why the AR group tended to visit frequently the indoor places. Effective control of HDMs in the indoor places might be preventing development or symptoms of AR.

This study found 2 novel risk factors for AR among Korean pediatric population: lack of pneumonia history and short playing time during the day. For decades, the hygiene hypothesis has been upheld as an important environmental factor inducing allergic diseases. The hypothesis is based on the early period viral infection preventing the development of allergic diseases.[@B23],[@B24],[@B25] Since pneumonia is sequelae of severe and/or frequent respiratory infections, pneumonia history might give children protective effect to AR by the hygiene hypothesis. In the multivariate analysis, our study showed about 60% reduction of AR by pneumonia history. The lower airway infection showed difference effects on the AR depending on the severity and onset age. However, our study did not show any difference in the onset age of pneumonia between participants in the AR and healthy participants group. Beside the AR group, the NAR and asymptomatic sensitization groups had lower rates of pneumonia history than the healthy participants group; the rates were 11.4% similar to the rate of the AR group. Since the onset age was the only surveyed item for the pneumonia, our study has a limitation to prove the whether there were common characteristics of the three groups different from the healthy participants group or not. Further study would survey more detailed history of pneumonia, such as symptom duration, administration and antibiotics medication periods, and the numbers of pneumonia. The family size and number of siblings, which are classical risk factors in the hygiene hypothesis, were insignificant in our study.

The playing time is the most enjoyable and the least stressful time during the day. Some studies have pointed out that emotionally stressful situation might trigger atopic diseases. It has been reported that maternal stressful life events during pregnancy increased the risk of atopic diseases.[@B26] The attenuated cortisol response to stress has also been published.[@B27] The ARIA group also described stress as one of the factors influencing the prevalence of AR.1 However, to prove the relationship between AR development and emotional stress, further study is needed with more precise questions reflecting the quantity and quality of emotional stress and its accumulated amount. However, no question to discriminate playing time into indoor and outdoor time in survey is one of the limitations of our study.

As the preliminary reports, our study has limitations in terms of the area and size of the survey; ARCO-kids phase II in a community did not cover the rural pediatric population, resulting in an inability to evaluate different levels of susceptibility to AR between urban and rural individuals. However, our study has great merit in terms of the individual endoscopic examinations. Few population-based studies have produced such valuable endoscopic findings from the pediatric population. Our study may provide the first evidence of known nasal endoscopic findings in AR. In particular, pale mucosa and watery discharge were observed 4.5 and 2.8 times more frequently in the AR group than in the healthy participants group. The bi-seasonal design of the study also provided several important results, no seasonal difference in the prevalence of Korean pediatric AR, the skin sensitization rate in major allergen HDM and symptom duration and severity in the AR group.

In conclusion, this preliminary report population showed somewhat different from that of Western countries. HDM is the major allergen of Korean pediatric AR and children with AR are apt to visit the indoor places more frequently. In particular, lack of pneumonia history and short playing time are newly found risk factors to the Korean pediatric AR. Furthermore, our study might be the first epidemiologic study showing the nasal endoscopic findings and their correlation with AR.
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###### 

Selected characteristics of allergic rhinitis and healthy participants in the ARCO-Kids phase II in a community, 2012-2013

![](aair-7-234-i001)

                                                 Allergic rhinitis n (%)   Healthy participants n (%)   *P* value^\*^
  ---------------------------------------------- ------------------------- ---------------------------- ---------------
  Study season                                                                                          
   Winter                                        200 (59.2)                135 (54.4)                   0.252
   Summer                                        138 (40.8)                113 (45.6)                   
  Gender                                                                                                
   Male                                          183 (54.1)                95 (38.3)                    \<0.001
   Female                                        155 (45.9)                153 (61.7)                   
  Age                                                                                                   
   6-8                                           117 (34.6)                111 (44.8)                   0.016
   9-12                                          221 (65.4)                137 (55.2)                   
  Previous history of                                                                                   
   Atopic dermatitis                             116 (34.8)                59 (23.9)                    0.005
   Allergic conjunctivitis                       97 (29.0)                 5 (2.0)                      \<0.001
   Food allergy                                  33 (9.8)                  9 (3.6)                      0.004
   Drug allergy                                  4 (1.2)                   1 (0.4)                      0.309
   Asthma                                        39 (11.6)                 7 (2.8)                      0.001
   Sinusitis                                     22 (6.6)                  9 (29.0)                     0.137
   Otitis media                                  116 (34.5)                65 (26.3)                    0.037
   Pneumonia                                     38 (11.3)                 42 (17.1)                    0.051
   Attention deficit hyperactivity disorder      2 (0.6)                   1 (0.4)                      1.000
  The first child in the family                  200 (59.2)                123 (49.8)                   0.016
  Daily playing time during the past 12 months   2.6±1.2 hours             2.9±1.4 hours                0.005
  More frequent visits than once a week                                                                 
   Indoor gyms                                   66 (22.1)                 27 (12.2)                    0.048
   Indoor playgrounds                            40 (13.4)                 26 (11.7)                    0.039
   Shopping malls                                16 (5.4)                  5 (2.3)                      0.045
  Paternal or maternal allergic rhinitis         118 (57.8)                65 (27.2)                    \<0.001
  Drinking history                                                                                      
   Paternal history of drinking                  259 (94.2)                167 (88.8)                   0.079
   Maternal history of drinking                  163 (72.8)                119 (65.0)                   0.057

^\*^The Chi-square or Fisher\'s exact test for categorical variables and Student *t* test for continuous variables.

ARCO-kids, allergic rhinitis cohort study for kids.

###### 

Risk factors for allergic rhinitis in the ARCO-Kids phase II in a community, 2012-2013

![](aair-7-234-i002)

                                                OR (95% CI)^\*^      *P* value
  --------------------------------------------- -------------------- -----------
  Male                                          2.10 (1.32-3.33)     0.001
  Age ≥9                                        1.65 (1.03-2.65)     0.002
  Previous history of allergic conjunctivitis   14.25 (4.99-40.74)   \<0.001
  Previous history of asthma                    2.73 (0.96-7.76)     0.059
  Previous history of pneumonia                 0.39 (0.19-0.82)     0.012
  An hour increase in daily playing time        0.90 (0.80-1.00)     0.079

^\*^Multivariate logistic regression (Backward selection, SLS=0.1) adjusted for significant variables shown in [Table 1](#T1){ref-type="table"}.

ARCO-kids, allergic rhinitis cohort study for kids.

###### 

Age-adjusted percentile of BMI and endoscopic findings in nasal and oral cavity

![](aair-7-234-i003)

                                        Allergic rhinitis n (%)   Healthy participants n (%)   *P* value
  ------------------------------------- ------------------------- ---------------------------- -----------
  Age-adjusted percentile of BMI                                                               0.942
   ≤3%                                  16 (4.7)                  3 (1.2)                      
   \>3% and ≤5%                         5 (1.5)                   5 (2.0)                      
   \>5% and ≤10%                        14 (4.1)                  10 (4.0)                     
   \>10% and ≤25%                       66 (19.5)                 57 (23.0)                    
   \>25% and ≤50%                       71 (21.0)                 55 (22.2)                    
   \>50% and ≤75%                       78 (23.1)                 65 (26.2)                    
   \>75% and ≤85%                       39 (11.5)                 21 (8.5)                     
   \>85% and ≤95%                       35 (10.3)                 20 (8.0)                     
   \>95% and ≤97%                       6 (1.8)                   5 (2.0)                      
   \>97%                                8 (2.4)                   7 (2.8)                      
  BMI                                                                                          
   Not over-weighted (≤85%)             289 (85.5)                216 (87.2)                   
   Over-weighted (\>85% and ≤95%)       35 (10.3)                 20 (8.0)                     0.447
   Obese (\>95%)                        14 (4.2)                  12 (4.8)                     0.885
  Endoscopic findings in nasal cavity                                                          
   Pale mucosa                                                                                 
    Yes                                 72 (21.3)                 12 (4.9)                     \<0.001
    No                                  266 (78.7)                235 (95.1)                   
   Mucosal swelling                                                                            
    Yes                                 22 (6.5)                  0 (0.0)                      \<0.001
    No                                  319 (93.5)                247 (100.0)                  
   Purulent discharge                                                                          
    Yes                                 3 (0.9)                   1 (0.4)                      0.484
    No                                  335 (99.1)                246 (99.6)                   
   Mucoid discharge                                                                            
    Yes                                 8 (2.4)                   6 (2.4)                      0.961
    No                                  330 (97.6)                241 (97.6)                   
   Watery discharge                                                                            
    Yes                                 53 (15.7)                 10 (4.0)                     \<0.001
    No                                  285 (84.3)                237 (96.0)                   
  Endoscopic findings in oral cavity                                                           
   Posterior nasal drip                                                                        
    Yes                                 4 (1.2)                   2 (0.8)                      0.658
    No                                  334 (98.8)                245 (99.2)                   
   Tonsillar hypertrophy                                                                       
    Yes                                 92 (28.1)                 62 (25.6)                    0.504
    No                                  235 (71.9)                180 (74.4)                   

BMI, body mass index.
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